Introduction
In many countries, driving is the preferred mode of travel for work and leisure. In rural areas, driving may in fact be the only available alternative. For elderly people or people with movement disorders, driving may be the only option for independent mobility. It is therefore not surprising that driving cessation increases the likelihood of social isolation and depression (Ragland et al. 2005) . Death and injuries in traffic accidents are, however, one of the major threats to global health. Countries all over the world have recognized the importance of enhancing public safety and have set requirements for obtaining a driver's licence, where visual functions is an important part. Visual acuity is a simple and fast test and requires no expensive equipment. As it only measures a tiny portion of the visual field, visual field testing is a common part of the licensing procedure in many countries.
However, research to date shows only a weak correlation between VA and driver safety (Charman 1997) . Some studies have shown associations with visual field defects and vehicle collisions, while others have failed to show any correlation (Owsley 2010 ). There may be several reasons for this. Standard methods for visual field testing were not developed to examine driving performance but to detect eye pathology. Guiding a vehicle along a road involves both central and peripheral vision in a moving environment, sometimes in bad visibility conditions. Testing of others aspects of vision like twilight vision, glare and contrast sensitivity have been proposed but are not widely used because of a lack of standardized methods.
In the absence of strong correlation between visual functions and driver safety, the ultimate method and cutoff values for vision testing are still left to discover. As a consequence, the legislation between different countries shows large differences. Italy, for example, requires a binocular (VA) of 1.0 while most other countries require 0.5 (Bron et al. 2010 ). Differences exist not only between countries but also within a single country. For example, the United States has 50 different visual standards to obtain a driving licence (Johnson & Wilkinson 2010) . Not only are the methods for testing vision important, but also when and how often testing should be carried out. Due to the large number of drivers, the legislation governing visual screening has great economic consequences.
Many diseases affecting vision may lead to a patient no longer fulfilling the visual requirements. It is however not an uncomplicated task for a physician to report a patient to the authorities. It is not even healthcare according to Hippocrates; 'primero non nocere'. Fear of losing their driving licence might result in patients avoiding healthcare. If physicians are not forced by law to report patients not fulfilling visual requirements, they may fail to do it.
This study analyses the present legislation for visual requirements for driving in the Nordic countries in relation to the third European Driving License Directive. The Nordic region consists of five countries: Denmark, Finland, Sweden, Iceland and Norway. The latter two countries are not part of the European Union but have adopted the Third EU Driving License Directive as part of the European Free Trade Association, EFTA. The Nordic countries have much in common in terms of history and social structure. They also share the same type of climate with a long dark winter period with snowfalls and icy roads. However, there are major demographic differences, creating different traffic environments. For example, the population density is 40 times higher in Denmark than in Iceland. Iceland has most cars per capita among the Nordic countries, while Denmark the least.(NationMaster 2017) The article only investigates the visual requirements for group I, light traffic that includes personal cars. Group II, heavy traffic is not covered. Sweden and Norway have an additional group III for drivers of buses and taxis. This group has however no additional visual requirements beyond what is specified for group II.
Materials and Methods
This is a literature study comparing legislation for driving licences in the Nordic countries compared to in the European driving directive. The statues and constitution regulating this area were obtained from each government's website. For information about implementation of the law and if dispensations are practiced, contact was made with experts in vision and driving in each of the Nordic countries.
Results

Europe
The first European driving directive was adopted in 1980 and stated that common licences should be created. Driving licences were divided into two groups. Group I -light traffic and group II -heavy traffic with different health requirements. The second directive was adopted in 1991 and involved a renewal of the physical and psychological requirements. In conjugation with the drafting of the third directive, an expert group on visual requirements was formed. This group produced guidelines based on the current scientific evidence (The Eyesight Working Group 2005). The requirements for group I in the latest version from 2009 are summarized as follows:
All applicants for a driving licence shall undergo an appropriate investigation to ensure that they have adequate VA. If there is reason to doubt the VA the applicant shall be examined by a competent medical authority. This examination should pay particular attention to VA, field of vision, twilight vision, glare, contrast sensitivity and diplopia.
All applicants for a driving licence (group I) shall have a binocular VA, with corrective lenses if necessary, of at least 0.5 when using both eyes together. The horizontal visual field should be at least 120 degrees; the extension should be at least 50 degrees left and right and 20 degrees up and down. No defects should be present within a radius of the central 20 degrees. When a progressive eye disease is detected, licences may be issued or renewed subject to the applicant undergoing regular examination by a competent medical authority.
After any recently developed diplopia or after the loss of vision in one eye, there should be an appropriate adaptation period (e.g. 6 months), during which driving is not allowed. After this period, driving is only allowed following a favourable opinion from vision and driving experts.
Licensing may be considered even if the standards cannot be met. In such cases, the driver should undergo examination by a competent medical authority and be subject to a positive practical test. (The Commission of the European Communities 2009).
The directive gives no advice of screening of the elderly population or how drivers that no longer fulfil the requirements should be handled. The European directive is binding in terms of objectives and deadline but each member state decides on the structure and implementation. This means that all Nordic countries use the same framework of visual requirements but some countries have more strict specifications and the routines for dispensations also differ between countries.
Denmark
All applicants for a group I licence in Denmark must pass an examination by a physician, usually a general practitioner. When VA is tested, all letters on the 0.5 row of the Snellen chart or equivalent must be read correctly (Styrelsen for Patientsikkerhed 2012).
The field of vision is tested with confrontation visual field. Bioptic devices (in Danish, 'kikkertlinser') that magnify the image but reduce the field of vision are not allowed. If the driver fails the test or has a progressive eye disease, an ophthalmologist should perform a closer examination. No specific perimetric method is defined. The period of validity for the driving licence is 15 years up to 75 years of age. Thereafter the validity is 2 years and after 81 years of age 1 year. After the age of 75, a medical certificate with a physician's assessment of the visual functions is required at renewal (BEK 2015:312) .
Physicians who examine a patient that no longer fulfil the visual requirements have an obligation to give the patient an oral driving restriction, which should be documented in the medical records. If the physician suspects that the driver will continue to drive, this should be reported to the Public Health Medical Officers. There are no statistics over how many licences that are recalled every year due to visual impairment. According to the law, the police can -in certain circumstances and after a medical assessment from the National Board of Health -give dispensation from the medical requirements. In such cases, the driver could obtain a restricted licence with the ability to drive during the daytime, for example, or only within a certain area (VEJ 2013: 9584) .
Finland
Similar to Denmark, the legislation in Finland demands that a physician should examine visual acuity and a visual field for all applicants for a group I driving licence. Visual field is tested with confrontation test or any similar method. In case of uncertainty, an examination by an ophthalmologist and automated perimetry should be performed. Finland has a history of relatively strict requirements and previously had a mandatory vision test at age 45 to renew the driving licence. This requirement was removed in the legislation from 2011, which updated most recently in 2016. Still, after 70 years of age, a physician must certify vision at renewal every fifth year.
A physician is obliged to report to the police if a person no longer fulfils the visual requirements if the condition is expected to be permanent or longstanding, defined as more than 6 months, if the condition is temporary, an oral agreement can be made. It is not possible to get a dispensation from requirements for visual acuity. Dispensations with insufficient visual field might, however, be after a positive statement from an ophthalmologist and if a successful driving test organized by Finnish Transport Safety Agency's service provider. If a patient has a visual field defect due to neurological disease, a positive statement from a neurologist is also required. However, if a homonymous defect is equal or larger than a quadrant, no dispensation is allowed. In the event of a sudden loss of vision in one eye an ophthalmologist, and if necessary a neurologist, must certify that the patient has adapted to the monocular situation. At least 6 months must pass and a driver's test by the police is required (FFS 2011:386; FFS 2015:70 ; Ajoterveyden arviointiohjeet l€ a€ ak€ areille 2016).
Iceland
In Iceland, an applicant for a driver's licence has the opportunity to self-certify A physician in Iceland has no obligation to report to the police if a patient no longer fulfils the visual requirements. The issuing office can decide to give dispensation from medical requirements and issue a restricted licence. This occurs, however, very rarely (Reglugerðir 2011:830) .
Norway
Norway has updated the legislation in the fall 2016. It is therefore not possible yet to estimate the effect of the new rules. As in Iceland, it is possible for the applicant to self-certify that no visual impairment is present. If so, vision is only tested by reading a registration plate of a vehicle at a distance of 20 metres during the practical driving test.
Depending on the size of the letters, this might be either easier or harder to pass than a Snellen chart. Earlier studies have shown a poor correlation between Snellen chart and number plate tests (Yazdan-Ashoori & Ten Hove 2010).
The requirements for the visual field are more specific than in Annex III. If an affected visual field is suspected, Esterman perimetry or equivalent should be performed. No more than four adjacent missed test points are allowed. In addition to the requirements in the European directive, the driver is obliged to visit a physician if affected by a chronic health condition that may affect driving. After a recent monocular visual loss, 6 months must pass before the patient is allowed to drive again. A physician or optician must approve the visual functions and a favourable driving test must be performed. All drivers must pass a medical examination by a physician including visual acuity and confrontational visual field at the age of 75. This examination must be repeated every second year after 78 years of age (FOR-2004-01-19-298) .
If a physician or an optician finds that a driver no longer fulfils the visual requirements he or she should request that the patient returns his driving licence. The law makes no exception for oral agreements. If the impairment is expected to be chronic, the county governor should be notified (LOV-1999-07-02-64) . In 2014, 412 drivers were reported because of visual impairment, representing only 4% of all reported drivers. Seizures, addiction and psychiatric diseases were the most common reasons and made up more than three-quarters of all reported cases. The county governor has the right to grant dispensation from the medical requirements and issue a restricted licence. To support this decision, the county governor has the right to ask for a practical driving test performed by Norwegian Public Roads Administration. In 2014, 498 tests were performed. A positive test is however not a guarantee to retain the drivers licence. It serves only as one part in an overall assessment. In 2014, 350 dispensations because of visual problems were approved (Helsedirektoratet 2015) . In the latest update, fewer dispensations will be approved but old dispensations will be valid until 2019.
Sweden
An applicant for a group 1 driving licence in Sweden needs a medical certificate for visual acuity and field of vision. A physician, an optician or a driving instructor or another person that has been trained and authorized by Transportstyrelsen can issue the certificate. Physicians are allowed to test the field of vision with Donders test. All others must use an instrumental visual field test. The most common machine test a horizontal field of 120 to 180 degrees but the vertical field is not tested. If no visual impairment is suspected, a simple instrument testing the visual field borders is used. In the event of visual problems, threshold perimetry, for example, Humphrey 24-2 must be performed. The requirements for the visual field are more specific than in Annex III. In Humphrey, perimetry or equivalent static threshold perimetry, all corresponding test points within 20 degrees must be at least 10 dB and all corresponding test points within 10 degrees must be 20 dB or more. In the peripheral field, testing is carried out using the binocular Esterman programme in an automated perimeter. More than two adjacent missed points within 120 degrees horizontally and 40 degrees vertically in Esterman perimetry precludes driving.
In the event of nystagmus, visual acuity of 0.5 is required for eye position (TSFS 2010:125) . Physicians who examine a patient not fulfilling the visual requirements should report this to the Swedish Transport Agency. If the physician is assured that the patient will stop driving after an oral restriction, no report needs to be written. A patient who has lost his driving licence might apply for a dispensation. All dispensation cases are dealt with at national level and include only an assessment of patient charts (SFS 1998:980) . Since June 2016 it is, however, possible with patients with visual field defects to undergo a traffic simulator test in Link€ oping, Sweden. In January 2018 about 65% of approximately 300 patients regained their recalled driving licence after a successful driving test. The Swedish transport agency has also made a decision in principle to accept a successful simulator test, if no other medical complications are present. How these persons should be monitored is still unsure, as a person is only allowed to test once. Furthermore, the cost for the individual is about 2000 euro for the test.(Statens v€ ag-och transportforskningsinstitut 2017).
Implications
Even though the Nordic countries use the same European framework of legislation, the implementation varies widely. This might be illustrated with four clinical cases: (1) A 75-year-old patient with agerelated dry macular degeneration and bilateral vision of 0.4 may continue to drive in Sweden as long as the visual impairment does not come to the authorities' attention. In the other countries, this patient would have to stop driving after a compulsory health test that includes vision screening.
(2) A patient with glaucoma, on the other hand, is probably prohibited from driving earlier in Sweden and Norway compared to other countries as the legislation specifies the number, position and threshold value of the test points. (3) A patient suffering from stroke might develop persistent visual field loss. Blindness in a visual field quadrant after stroke would preclude driving in all Nordic countries. The way this is dealt with differs, however. In Finland, the physician must report this to the police. In Norway, both physicians and opticians must report to the county governor when they find drivers with visual impairment. The Norwegian law also specifies that Norwegian citizens have a duty to contact a physician if they suspect that their state of health affects their driving. In Denmark and Sweden, it is possible to make an agreement with the patient not to drive. In Iceland, the physician has no obligation at all to report the patient.
(4) A patient with diabetes needs to go through an eye examination every fifth year. If treated with insulin an examination is needed ever third year in Denmark and Sweden. (Table 1) .
If an 'appropriate investigation' means an examination, Iceland does not fulfil this requirement, as it is possible for the driver to self-certify the absence of visual problems. Norway differs by using a number plate to test visual acuity. Both Norway and Sweden specify method and test points in perimetry that makes this test harder to pass (Fig. 1) .
Sweden is, on the other hand, the only country without periodic testing of elderly. All countries except Iceland have an obligation for physicians to report drivers that do not fulfil the requirements (Table 2) .
Differences in the legislation result in substantial differences in numbers of recalled licences. Only Norway and Sweden have available statistics over the number of recalled licences for visual reasons, about 30 per 100 000 drivers/year. This number is probably lower in Denmark and Iceland as the total number of recalled licences for medical reasons is five and 40 times lower than in Sweden. Furthermore, a recalled licence is 26 times more likely to get a dispensation in Norway compared to Sweden. Despite the European directive, Sweden does not add a practical test to the dispensation procedure (Personal communication 2017; Table 3 ).
Discussion
There are several challenges for a harmonized and fair system of driving visual requirements and current knowledge gives no clear answer to which limits for visual acuity and visual field that should be used. To spread light into this subject, we believe it is important that assessments are made in a transparent and equal way. It is therefore important to define which methods should be used for testing vision and how the results should be interpreted. Otherwise different physicians may come to different conclusions. For the same reason, it may be important with periodic testing, at least to assure that drivers have the correct refraction. A recent study showed that among 1104 drivers in Sweden 11% had a binocular visual acuity below 0, 5 using their own glasses (Synoptik Bilprovningen 2015) . However, the cost of periodic examinations is high and the correlation with reducing accidents is weak (Desapriya et al. 2014) .
Regardless of the legislation used it also needs to be implemented. Many persons not fulfilling the visual requirements are probably not reported to the authorities. Otherwise, it is difficult to explain why some regions in Sweden have 80 notifications per year per 100 000 drivers while other regions have 0 (Englund 2008) . Data from Finland suggests that 10% of fatal car accidents could be avoided if physicians followed the current instructions. (Tervo et al. 2016 ) Furthermore, the opportunity to appeal against the recalled licence is an important aspect for the juridical system. The criteria for such dispensations shows big differences as dispensations are 26 times more common in Norway than in Sweden. Dispensations in Denmark, Finland and Norway may include a practical test, an opportunity that has been requested by patient associations also in Sweden. The main argument is that a reduced vision can be partly compensated by moving the head and the eyes. Preserved motoric and intellectual functions could also to a certain extent compensate for a reduced vision. It is however difficult to state the requirements and the cut-off values for such a practical test. A driver may be able to drive under normal circumstances but fail to handle a more extreme situation, not likely to occur during a practical driving test. Such situations could instead be created in a traffic simulator but such testing is expensive and not all persons can perform such a test because of simulator sickness.
It is very likely that technical developments will provide new methods for driving assistance in a near future. Self-driving cars are no longer science fiction. Such technical improvements will probably reduce visual requirements for driving. Until then, there is still much to be performed to create a scientifically based and fair legislation for vision and driving in the Nordic countries, a legislation that does not strain out a gnat and swallow a camel. 
